A simple, sensitive and precise high-performance thin-layer chromatographic (HPTLC) method was developed and validated for the analysis of ar-turmerone and turmerone, the major constituents of the lipid soluble fraction of the herbal medicament (HM) obtained from the rhizomes of Curcuma longa (turmeric). The separation was carried out on HPTLC aluminum plates precoated with silica gel 60F-254, with n-hexane:ethyl acetate (9.8:0.2 v/v) as mobile phase. Densitometric analysis of ar-turmerone and turmerone was carried out in the absorbance mode at 254 nm. This system was found to give compact spots for ar-turmerone and turmerone (Rf values 0.5 ± 0.05; 0.6 ± 0.04, respectively). A good linear regression relationship between peak areas and the concentrations was obtained over the range of 100-600 ng/spot, with correlation coefficients of 0.997 and 0.998 for ar-turmerone and turmerone, respectively. The limit of detection and quantification was found to be 20 and 40 ng/spot for ar-turmerone and turmerone, respectively. The method was further validated for precision and recovery. The RSD values of the precision were in the range 0.49-1.33% and spike recoveries were 99.9 and 100.0% for ar-turmerone and turmerone, respectively. Analysis of different batches of HM using the above method gave ar-turmerone and turmerone contents in the range of 25-30% and 30-38%. The developed HPTLC method can be applied for identification and quantitative determination of ar-turmerone and turmerone in the lipid soluble fractions of turmeric.
commonly known as turmeric, have traditionally been used as a source of coloring matter for foods, cosmetics and textiles, as well as a medicinal agent for several common ailments, as mentioned in formulations in the Indian system of medicine [1] . Turmeric powder, extract and oleoresins are some of the widely used commercial products of the plant and India is one of the largest manufacturers of turmeric and its oleoresins [2, 3] . Curcumin is the main bioactive constituent present in Curcuma longa [4] .
The essential oil of turmeric has been shown to possess antimicrobial, antifungal, antiviral [5] , anti-inflammatory, wound-healing and insecticidal activity [6] . Curcuma oil has shown a potential effect in oral sub mucous fibrosis in humans [7] , and is currently under clinical trials for treatment of ________________________ CDRI communication no-6961 bronchial asthma [8] . Sesquiterpenoids are the major components of the oil, with many biological activities [9, 10] . Herbal medicament (HM), the lipid soluble fraction obtained from the oil of C. longa, has shown potential neuroprotective activity in neurovascular disorders, like stroke [11] , and is currently under an advanced stage of drug development at C.D.R.I, Lucknow. The identification and relative amounts of components in turmeric oil have been determined by LC-MS [12] , GC and GC-MS [13, 14] . Unfortunately, the results of the relative amounts could not be used for evaluating the quality of different samples and batches and for determining the clinical dose of the herbs [15] . their heat labile nature has been reported for sesquiterpenes such as germacrene [18] , germacrone [19] and furanodiene [20] .
High-performance thin-layer chromatography (HPTLC) has now become a routine analytical technique due to advantages of its reliability and cost effectiveness [21, 22] . The major advantage of HPTLC is that several samples can be analyzed simultaneously using a small quantity of mobile phase [23] . Many HPLC [24] and HPTLC [25, 26] methods have been reported for quantitative estimation of curcuminoids (curcumin, demethoxycurcumin and bisdemethoxy curcumin) from C. longa. However, no HPTLC method has been reported in the literature for the estimation of sesquiterpenoids. In the present study, an accurate, specific and reproducible HPTLC method has been developed and validated for determination of ar-turmerone and turmerone (mixture of α and β turmerone) from the lipid soluble fraction of C. longa. The proposed method was validated using ICH guidelines [27] . The composition of the mobile phase for TLC was optimized by testing different solvent mixtures of varying polarity. The best results were obtained using n-hexane: ethyl acetate (9.8:0.2 v/v), which gave sharp and symmetrical peaks, with good spot characteristics for both ar-turmerone and turmerone. Well-defined spots were obtained when the chamber was saturated with the mobile phase for 30 min at room temperature. The spots with Rf values of 0.5 and 0.6 were identified as ar-turmerone and turmerone. The selected mobile phase showed good resolution of ar-turmerone and turmerone. Moreover, there is clear separation of the marker compounds from the other components present in HM. The scanning was performed at the absorption maximum of ar-turmerone and turmerone (254 nm). Curcumin and related curcuminoids, the principle components of C. longa known to possess different pharmacological activity, were either absent or present in very small concentration (less than 0.045%) in HM, as estimated by HPLC (data not shown). However, no interfering peaks of curcuminoids were detected.
Method Validation
The method for quantitative analysis of ar-turmerone and turmerone was validated with regard to its specificity, precision, accuracy and linearity. The specificity of the method was ascertained by analyzing standards and samples. The peak purity of ar-turmerone was assessed by comparing the spectra at peak start, peak apex and peak end positions of the spot, i.e., r 2 (start, middle) = 0.9986 and r 2 (middle, end) = 0.9984. Good correlation (r 2 = 0.9998) was also obtained between standard and sample overlay spectra of ar-turmerone and turmerone. The presence of ar-turmerone and turmerone in the sample was confirmed by comparing the Rf values and the spectra of standards.
Linearity was evaluated by determining six standard working solutions containing 0.1-0.6 mg/mL of ar-turmerone and turmerone, in triplicate. Calibration graphs were found to be linear in the concentration range of 100-600 ng/spot, as shown in Table 1 . The linearity of the calibration graphs and adherence of the system was validated by the high value of the correlation coefficient; the S.D. for the intercept value was less than <2%. The reproducibility of the method was determined by different analysts using the samples from the same homogeneous batch and repeatability was determined by intra-day and inter-day precision, expressed in terms of percent relative standard deviation (RSD %) or coefficient of variation (CV). Six determinations were carried out on the same sample, on the same day for intra-day and over two consecutive days for interday precision on three samples. The repeatability of sample application and measurement of peak area were expressed in terms of RSD % and the results showed that no significant intra-and inter-day variation was observed in the analysis of ar-turmerone and turmerone at three different concentration levels (200, 400 and 600 ng/spot). The R.S.D. % for intra-and inter-day analysis was found to be <2% in all the cases.
The accuracy of the method was determined from recovery studies. A known but varying amount of ar-turmerone and turmerone was added to the pre-analyzed sample and then reanalyzed according to the procedure. The results are reported in Table 2 .
The average recovery percentage values were found to be 99.9 and 100.0% for ar-turmerone and turmerone, respectively. In order to estimate the limit of detection (LOD) and limit of quantification (LOQ), blank acetonitrile was spotted six times. LOD and LOQ were determined based on the standard deviation of the response of blank and slope estimated from the calibration curve of the ar-turmerone and turmerone. The LOD and LOQ were found to be 20 ng/spot and 40 ng/spot for ar-turmerone and turmerone, respectively. 
Application of the method:
The method was applied for the estimation of ar-turmerone and tumerone in different batches of HM for regular quality control. Different spots (nearly 25) were observed on chromatograms of the HM; these components have significantly different Rf values. The two-marker compounds, ar-turmerone and turmerone, have distinct Rf values of 0.5 and 0.6, respectively. There was no interference with the analysis of these two compounds from other components and they can be quantitatively estimated in different batches of HM. The total ar-turmerone and turmerone contents were found to be approx 26-30% and 31-38% (w/w) of total HM, respectively, as shown in Table 3 . Student's t-test and the F-ratio at 95% confidence level were applied for statistical evaluation of the results.
Conclusions
The developed HPTLC technique is precise, specific, accurate and robust for determination of ar-turmerone and turmerone. Statistical analysis proved that the method is repeatable and selective for the analysis of the biologically active components ar-turmerone and turmerone in different batches of HM. The method can be used to determine the purity of the drug available from various sources by detecting the related impurities, which allows the determination of variations in the ar-turmerone and turmerone contents in products grown and harvested under different climatic conditions. Furthermore, the proposed method would also be useful for comparing the content of turmeric oil of related plant species.
Experimental
Chemicals and analyte: Different batches of HM (Herbal Medicament) were prepared from rhizomes of Curcuma longa (turmeric) procured from the market; the botanist of the Central Drug Research Institute authenticated the C. longa samples. All solvents used were of analytical grade unless otherwise stated. N-hexane, acetonitrile and ethyl acetate, procured from E Merck Ltd (Mumbai, India), were used throughout the study. The reference standards of ar-turmerone, turmerone, and curlone (purity~98%) were separated and purified.
Preparation of herbal medicament:
Dried rhizomes of C. longa were powdered and sieved (mesh no.20). From this, 50g was extracted by percolation using light petroleum at 60-80ºC (150 mL for each percolation); six percolates were collected. The solvent was removed below 50ºC under vacuum and the resulting oily residue was dried.
HPTLC instrumentation:
The HPTLC system consisted of a CAMAG III automatic TLC sampler, a CAMAG twin-trough chamber (20 cm×10 cm), CAMAG Cats-3 software and a 25 μL HPTLC syringe. The samples were applied to precoated silica gel aluminium HPTLC plates 60-254 (SG60 F254, 20 cm × 10 cm, layer thickness 0.02 mm, Merck, Germany). A constant application rate of 0.1 μL/s was employed and the space between two bands was 5 mm. The slit dimension was kept at 5 mm × 0.45 mm and 10 mm/s scanning speed was employed. The monochromatic bandwidth was set at 20 nm; each track was scanned thrice and baseline correction was used. The chromatographic development was performed using a mixture of n-hexane and ethyl acetate (9.8:0.2 v/v) as mobile phase for marker compounds. Linear ascending development was carried out in a 20 cm × 10 cm twin trough glass chamber (Camag, Muttenz, Switzerland) saturated with the mobile phase. The optimized chamber saturation time for mobile phase was 30 min at room temperature (25°C ± 2), at a relative humidity of 60% ± 5. The length of the chromatogram run was 8 cm. Subsequent to the scanning, TLC plates were dried in a current of air with the help of a hair drier. Densitometric analysis was carried out utilizing a CAMAG TLC scanner-III (dimension 4 mm x 0.1 mm; scanning speed 1 mm/s); the wavelength for determination was 254 nm at reflectance-absorbance mode. The source of radiation utilized was a deuterium lamp emitting a continuous UV spectrum between 190 and 400 nm.
Calibration curves of standard ar-turmerone and turmerone: The stock solutions of standard ar-turmerone and turmerone (50 mg/mL) were prepared in acetonitrile. One milliliter was quantitatively transferred into a 10 mL volumetric flask and made to volume with acetonitrile. Solutions of different concentrations were prepared by dilution of the stock solution with acetonitrile to give solutions of ar-turmerone and turmerone in a concentration range of 0.1-0.6 mg/mL. From each standard solution, 1 µL was spotted onto the HPTLC plate to obtain a final concentration range of 100-600 ng/spot. Each concentration was spotted three times onto the HPTLC plate.
Method validation
Precision: Precision of the method was carried out at three different concentration levels (200, 400 and 600 ng/spot) of ar-turmerone and turmerone. The repeatability of sample application and measurement of peak area for the compound were expressed in terms of relative standard deviation (R.S.D. %) and standard error (S.E.). Method repeatability was obtained from R.S.D. values by repeating the assay six times in the same day for intra-day precision. Intermediate precision was assessed by the assay of two, six sample sets on different days (inter-day precision).
Limit of detection and limit of quantification: In order to estimate the limit of detection (LOD) and limit of quantification (LOQ), blank acetonitrile was spotted six times and the signal to noise ratio was determined. LOD was considered as 3:1 and LOQ as 10:1. LOD and LOQ were experimentally verified by diluting known concentrations of ar-turmerone and turmerone until the average responses were approximately three or ten times the standard deviation of the responses for six replicate determinations.
Specificity:
The specificity of the method was ascertained by analyzing standards and sample. The ar-turmerone and turmerone in the samples were confirmed by comparing Rf values and spectra of the spots with those of standards. The peak purity of arturmerone and turmerone was assessed by comparing the spectra at three different levels, i.e., peak start, peak apex and peak end positions of the spot.
Recovery studies: The accuracy of the method was determined from recovery studies. A known but varying amount of standards was added to a preanalyzed sample and analyzed according to the procedure. The experiment was conducted six times. This was done to check the recovery of the ar-turmerone and turmerone at different levels in the herbal medicament.
Estimation of ar-turmerone and turmerone in different batches:
To determine the content of ar-turmerone and turmerone in different batches, Herbal Medicament was extracted from C. longa samples collected from the local market. Herbal Medicament (50 mg) extracted from these samples was transferred into a 100 mL volumetric flask containing 50 mL acetonitrile, vortexed for 5 min and diluted to 100 mL with acetonitrile. One microliter of the filtered solution (500 ng/spot) was applied to the TLC plate, followed by scanning at 254 nm. The analysis was repeated six times.
